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Fig 2.1 Reaction apparatus: LP,

1
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LP

228 >z )@/&ﬁq’ﬁ Solution of living polymer; BP, Solu-
| %‘?&ﬁ‘?? 79)¢-V=v/ tion of backbone polymer; M, Magnet
REXBF 7 > 7 PEABRA coated with glass.
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Table 2.1 Coupling reaction between PMMA and poly(a-methy1-
styryl)anion in THF ~ methylcyclohexane o

b

(a)
McH 2 volume,v puvA, > Living © Yield,
No.  ‘cc/total . _ polymer,
volume, cc g g 0 9
R-1 ©9.3/50 1.589  1.292 2.609
R-2 5.8/50 1.670  1.292° 2.489
R-3 4.0/50 1.663  1.203  2.441-
a MCH,'methylcyclohexane; reaction temp.,-78°C.
Mw, 1.20 x 10°. ‘ -
© Mw; 3.00 x 10°.
(b)
MCH @ volume, PMMA,®  Living © Yield,
No. cc/total . polymer
volume, cc g g ' g
R4 5.0/50 1.588  0.660 1.965 -
R-5 4.6/50 1.588  0.623  1.635
R6  2.7/50 1.588  0.620 1.985

a MCH, methylcyclohexane; reaction temp. ,~78°C.

b ww, 1.05 x 105

mi, 1.5 x 0% O

12
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~ Table 2.2 Extraction of produced copolymer

‘Reaction  Extracted Extracted Unextracted

No.- ~ products, by cyclo- by aceto-  polymer,
' hexane, nitrile, :
g g - g g

R-1 2.454 0.285 0.792 1.369

R-2 2.337 0.131 1.082 1.124
R-3 . 2.263 trace 0.341 ' 1.922

R-4 1.978 0.121 0.880  0.977
CR5 - 1.659 grace 0.467 1.193

R-6 1.957 trace - 0.855 1.102

z2-3.3. ABEATy 7ZXRAF o)
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Fig 2.2 Infrared spectra of the polymers extracted:
(a), extracted by cyclohexane; (b), extracted by

acetonitrile; (c), unextracted polymer.
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Table 2.4 Intrinsic viscosity of each fraction of graft copo]ymef

- reacted in mixed solvent(in toluene at 25°C).

(a)
R-1 R-2 R-3
F-1 1.540 1.432 1.190
F-2 1.320 ‘ 1.360 0.987 -

~ F-3 1.265 1.295 0.959

F-4 1.265 1.295 0.920
Molecular Intrinsic
weight viscosity

oA 1.20 x 10° 0.360

5 »
Living o~methylstyrene 3.00 x 10 0.743




R-4 R-5 “ . R-6

F-1 0.449 0.364 0.343

F-2 0.441 ©0.357 0.323
-3 0.424 0.312  0.323
F-4 o B 0.325
Molecular  Intrinsic -
weight . viscosity
PMMA 1.05 x10°  0.333
A

0.086

4 Living a-methylstyrene 1.54 x10

Table 2.5 Elemental analysis of R-1 graft copolymer

Carbon, %

.1 F-4
Experimental value 81.18 80.88

Theoretical value 2 82.38 .

Aa Thi; value was calculated assuming that the products

were 1:1-graft copolymer.

| Table 2.6 Composition of R-1 graft copolymer by IR

o

109(19/1) 4750 ! 10901/ D1603 en™!  asB
= A ’ = B N

F=1 0.975 0.128 7.59

P-4 1.01) - 0.123 8.20
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Table 3.1 Characterization of chloromethylated polystyrene

" No. Mn 2 Dp b chloromethy . Elution peak
groups (number/ c
1-polymer) count ~

PC-1  1.65x10° 1471 250 25.20
S pe-2 5.27x10% 462 76 27,51
Pc-3  2.5310% 227 36 28.91
PC-4 8.76x10° 79 12 30.99

4 By osmotic pressure measurement.
b Calculated from po]ystyrene before chloromethylation.

€ From reshaped GPC.
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Table 3.2 Reaction conditions of coupling reactions between
chloromethylated polystyrene and polystyryl anion, varying the
molecular weight of polystyryl anion(Solvent, THF; Reaction

temp., 20°C)

Backbone @ Polystyryl anion
(Molar number of
" No. molecule/1) x 103 Con_cn.(mo]/])xlo4 pp D
GR-1 2.87 ' 3.5 1471
GR-2 3.19 3.8 990.
GR-3 3.36 ' 4.2 192
GR-4. 3.91 4.6 62

a Chloromethylated po]ystyhéne; Mn=1.65 x 105 (DP=1471,
chloromethyl groups=250/]fpo]ymer):

b degree of polymerization..
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Table 3.3 Reaction conditions of coupling reactions between
chloromethylated polystyrene and polystyryl anion, varying
the molecular weight of chloromethylated polystyrene(Solvent,

THF; Reaction temp., 20°C)

a

Backbone : .
~ (Molar number of Polystyryl anion
- No. molecule/1) x]O3 DpP Conen. (mo1/1) x104
GR-5 3.63 462 4.6
GR-6 3.01 79 3.8

a Chloromethylated p01y§tyrene .

b vy = 2.0 x 10% (0P = 192).
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Table 3.4 Hydrodynamical dimension of star polystyrene.

(a)

T

P] PZ P3 Elution peak count’
No. (DP) (DP) (or) P]+2P2 P]+92+P3 Py+2P,
| 6.50x10% 8.76x10% o
SA-1 24.33  24.47 = _
. ' (625) (842) L
4.50x10% *1.08x10° S
SA-2 24.64  24.32 23.92
s | (432)  (1042) A;
1.53x10 ; -
2.25x10% 1.30x10 -
sa-3 | (1471) - 2017 23.63
' (216) (1250) 7
| 9.15x10°  1.43x10° ,
SA-4 25.21 23.86  23.60
(88)  (1379) .



P] P2 P3 Elution:peak count
No (DP) (DP) (DP) P]+2P2 P]+P2+P3 P]+2P3
6.50x10% 8.76x70%
$B-1 24,72 2457  —
| (625) (842) |
4.50x10% 1.08x10° t
$8-2 24,95  24.45  24.18
5| (432)  (1042) A
~11.03x10 2 5
2.25x10%  1.30x10
s8-3 | (987) - 24.29  23.85
: (216) (1250
9.15x10% 1.43x10°
$B-4 25.75  24.17  23.06
(88)  (1379)
(c)
P] P2 P3 Elution peak count
Mo, (OP)  (DP) (P)  Py#2p, Py+Py+P, Po42P,
6.50x10%  8.76x10
$C-1 24.73  25.19  —
(625) (842)
4.50x10 1.08x10°
$C-2 | 25.72  25.11 24.18
2 omadh| (432)  (1082)
(1%6) 2.25x10% 1.30x10°
" 5C-3 N 26.41  25.04 24.16
(216)  (1250)
9.15x10° 1.43x10° - .
SC-4 27.81  24.98 24.15
(88)  (1379) :




3%

P} v P2 P3 Elution peak count
No. (DP) (bP) (opP) P1+2P2 P1+P2+P3 P1+2P3
, 2.40x10% 2.43x10" |
$D-1 _ 27.14 -
(231)  (234)
2.06x10% | 1.12x10% 3.64x10% |
§D-2 - 26.90 - 26.41
" (198 (108)  (350)
1 8.84x10% 3.89x10%
$D-3 — 26.84  26.40
(85)  (374)
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. Table 4.1 Summary of (MMA — o-methylstyrene)block ‘copolymer

Molecular weight

t ] © Elution
Block copolymera o-methylstyrene MMA

b : peak count
Yo length. length (di/g) «
S - d 4 4 4 \
i 7,26 xa0® 2.56 x10*  4.70 x10® 0.417  24.15
.oB-2 3,04 x10° . 1,08 x10* 2,93 x10° 1.124  20.40
B-3 8.81 x10" 1.08 x10* . 7,73 x10* 0.435 - 23.69
-4 1.57 x10° 1.08 x10*  1.46 x10° 0.615  22.50
B 2,53 x10°  5.20 x10* 2,01 x10° 1.002  21.11
| 5 4 / 5

- B=6 1.27 x10 1.90 x10 1.08 x10” 0,773 22,00

8 Measured by osmotic pressure measurements.
b Calculated by viscometric measurements.
i € Measured in toluene at 25°C.

{ ._d Used to the coupling reaction in this paper.
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Table 4.2 Coupling reaction of poly(-methylstyryl)anion with

(MMA — ol -methylstyrene)block copolymer in mixed solvents(THF

— methylcyclohexane). (Reaction temp., -78°C)

Block copolymer Poly(a~methylstyryl) Methylcyclohexane

Concn, anion b, Concn.
(molar molecular % (volume)
number/l% . (mol/1)
No. %10 Xlol‘ .
S"'l 1.6[‘ 2005 ’ 12.5
5~2 1.72 2.05 . " 6.3
5-3 1.45 1.79 0

% Mn = 7,26 XlOA (a~methylstyrene1ength2.56X104; MMAlength4.70x104)

b 4

Mw = 2.56 x10

423 27 )RBAFOFEF sV RoFr > o)1y
 ABENH VI TNF Y >T4F BFR], P2°CTY v 7 3 V=3
VIRV (A XFVIT YY) 0 FTR)T—EpE) R (FARK.
GPCEIRR® IFFT) « WAABA 3 /o7 7 Y BBBF 03 EF 88
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- Table 4.3 Molecular weights and carbon contents of PGFF and PGFL

4

Molecular weight (Mn)x10 Carbon(7%) .
caled.® Observed b calcd.? Found ©
* No. PGFF PGIL PGFF PGFL
 pa(s-1) 9.85  9.78 | 76.70  76.62
. PG(8-2) 9.81 9,79 9.75 76.55  76.63 76.50 -
CoReGs-n 9,78 9.76 76.61  76.52

. ? Calculated assuming as l:2-graft copolymer.
Measured by osmotic pressure measurements.’

| € Calculated by elemental analyses.
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Fig 5.1 Reaction apparatus to measure the change of the
concentraﬁion of polystyryl anion: LP, solution of polystyryl.

anion; BP, solution of backbone polymer; H, magnet coated with

%g glass; M, mirror; P, tﬁbe plated‘with chromium; S, flask. .
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Fig 5.3 The concentration of polystyryl anion as a

)y C-2(---),

function of the reaction time: C-1(

and C-3(- — - ),

Table 5.1 Reaction conditions of coupling reactions of polystyryl
anion with chloromethylated polystyrene, varying the content of

methylcyclohexane in mixed solvents(Reaction temp., -78°C)

Polystyryl Anion a Coupling Agent b McH © Polystyryl Anion
' in Final State

No. Concn.(mol/l)X103 Concn.(mql/l)XIO3 % (Volume) Concn.(mol/l)xl03
c-1 4.524 6.436 ' 0 ©3.752
Cc~-2 4,369 _6.280 - 13.6 3.889
-3 4.360 6.189 23.1 4.134

a Mw(Z.OSXlOA) was calculated from viscometric measurements:

® wn = 3.92x10%
¢ MCH, methylcyclohexane

d By photometrical measurement after 50 min.
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~Fig 5.4(a) GPC profiles of the products and chloromethylated
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methylated polystyrene(e~ew-.).
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function of the reaction time: C-1(—), C-4(~---),

Table 5.2 Reaction conditions of coupling reaction of polystyryl

anion with chloromethylated polystyrene, changing the molecular

weight of polystyryl anion(Solvent, THF; Reaction temp., ~78°C)

Polystyryl Anion

Coupling Agen

t a

Polystyryl Anion
in Final State b

0w <™ %;2§7i)x103 ?;2§7i)x103 Conen. (mol/1)x10°
c-1 2.05 4.524 6.436 3.752

C-4 4.82 4.352 6.446 3.783

c-5 7.69 4.210 6.408 3.765

2 Mn 4

= 3,92x10

By photometrical measurement after 50 min.
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Fig 5.6 The concentration of polystyryl anion as a
function of the reaction time: C-6(——,---=) and

C_,'];(. S—— -—-) .

Table 5.3 Reaction conditions of coupling reactions of polystyryl

anion with chloromethylated polystyrene, varying the reaction : -

temperature (Solvent, THF)

Polystyryl Anion

Polystyryl Anion a Coupling Agent b Reaction c
in Final State

Concn. Concn. Temp. , \

No. (mol/l)XlO3 (mol/l)X103A °C Concn.(mol/l)XlO3
C-6 4,550 4,302 —ZS"VZO 4,014 ~~ 3,852
c-7 4,531 . 4.086 20 3.805
2 My = 1.48 x10°
® Mo = 3.92 x10%

By photometrical measurement,
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Table 5.4 Summary of graft copo]ymer(PSF])

PSF1 Grafting points(number per backbone
Mp @ ~ _polymer molecule)
x 107° Photometrical .
No. measurement Osmometry i
C-1 2.36 10.2 | 9.6
C-2 1.46 6.5 5.2
C-3 1.1 3.1 3.5
C-4 3.76 7.5 7.0
C-5 4.47 5.9 | 5.3
C-6 2.23 10.6 ~~ 13.8 12.4
c-7 2.35 15.1 13.2

3 Measured by osmometry in benzene at 37°C.
éh]ﬁromethyTated polystyrene: Mn = 3.92x104(C-1'v c-7),
polystyryl anion: Mw = 2.05x104((2-1'v c-3),

| M = 4.82x10%(C-4), M = 7.69x10%(C-5),

M = 1.48x10%.
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Table 6.1 Characterization of chloromethylated polystyrene

PS-1 PS-2 PS-3 PS-4
Degree of
Polymerization a 154 154 319 526
Degree of b 25.0 46.8 20.7 18.5

Chloromethylation(%)

8 Calculated by viscometric measurements of polystyrene

before chloromethylation.

-

b Calculated by Volhard’s method.
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Table 6.2 Reaction conditions for the coupling reactions of
polystyryl anion with PMMA (Solvent, THF — methylcyclohexane

or THF; Reaction temp., -78°C)

pMma 2 Polystyryl Anion McH ©
Run [GO]O(molll) Concn.(mol/l)xm4 walﬁa b %(volume)
1 8.303 x10°2 1.230 5.3 0
2 1.934 x10~t 1.853 2.0 10.3

% Mw, 5.8 Xloa(by the viscometric measurement )
. ,

b By the viscometric measurement: Mw = 1.7 X105[~n]l'35,

in toluene at 30°C .

I

¢ MCH, methylcyclohexane. -



Table 6.3 Relationship between kobs(t) and the average number

of branches: Run 1.

Average number of branches
(number per backbone 0.094 0.234 0.487 -0.769 0.939

polymer molecule)

K, () (Lmol lisec™)x10 6.60  6.39 5.7L  4.81  3.90
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"Fig 6.7 Changes of the concentration of pol,{fvryl anion as

a function of the reaction time: Run 1.
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~ Table 6.4 Relationship between kl(t) or kz(t) and the average

number of branches: Run 1.

a)

Average number of branches

(number per backbone 0.1 0.2 0.3 0.4
polymer molecule)

k; (8) (Lomoi™t,sec™dyx10 6.42 6.22 5.86 - 5.42
b)

Average number of branches
(number per backbone 0.13 0.15 0.33

polymer molecule)

ky(£) (Lomol™ . sec™Hyx10 5.62 5.26 5.20

| HARENBYH S e aTHIM 2 . | |
PHAMA e56mn®K® 0y 2 ) > 7 A0 ERAKHER (THF—
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Table 6.5 Rate constant for coupling reactions:

Run 1 and Run 2.

Rate Constant (1.mo1-].sec'])
Run kO kl ) k2
12 6.62x1077  6.43x10"7  5.58x10""

2P 9.2x0% 8.6x02 5.2x072

a Reaction in THF,

b Reaction in THF — methylcyclohexane(10.3 Vol. %)

mixtures.
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(number/ 1-polymer)

Fig 6.9 Relationships between kobs(t),kl(t) and kz(t), and the

average number of. brar?‘ches(Run 2):0, kobs(t); A, kl(t); a, kz(t).
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Table 6.6 Reaction condition for the coupling reaction of

polystyryl anion with (MMA — g-methylstyrene)block copolymer

(Solvent, THF — methylcyclohexane; Reaction temp., -78°C).
Backbone Pblymer Polystyryl Anion MCH b
Run (GO]O(molll) Mn @ ” Concn.(mol/1l) Mw % (volume)
3 1.749x10°1  7.26x10*  1.880x10™% 2.0x10®  10.4
8 i - 4, o 4
‘ length 4.70%107; a-methylstyrene.length 2.56x10
L MCH, methylcyclohexane
NO
2 60
‘_ff'\
O
A
% 40
©
g
=
=20
n .
L
| O e
! X
I Y WU W NN TR O R
0 0.5 10
Average Number of Branches
(number/1-polymer) -

Fig 6.11 Relationships between kobs(t),kl(t) and kz(t), and the

average number of branches(Run 3): (), kobs(t); ZS’! kl(t); L, kz(t).
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Table 6.7 Rate constant of coupling reaction: Run 3.

"].sec"l)

k

Rate Constant (1.mol
k

k

Run 0 1 2

3 6.9 x10"% 5.5 x107% 2.9 x10°2

N Backbone polymer, Mn = 7.26x10% ( MMA part = 4.70
x104; a~-methylstyrene part = 2.56x104)
Solvent, THF — methylcyclohexane(10.4 Vol. %).

C Table6.GW B wT. Pun2af, (3.6x1072 fmo)h ) R
)T, Ran 3T MRKAIRT d CE25M 3 8o f 6.Tx152 L),
el ERDNMIT WEALESM R o SPUFRn3THWRABE A
Ry 7XERfF0F 1AL, (-3 F VAT VY )EAFEA Run 2 THN
R S~2k® 02N 3 ) BN EY - Rmd FF TS FB AT RL» %
B 9 IEIRIM AR NI IRH X2 Mo IR R 3R D
WT. & 4 Bo R<3YT2HNFENT) TORWORF. 250 A
 FATH OBFERESCH KRS . Run2 4 3 F Bofiod w 375
ARINT 3o f N 2B T4FWRD - I3 o@F 23525 €
SEB oA D} 7 3BV € AR AT TBR)T 5< 73 k)
eF2 5N Run3ofRal . HRIIRFIN RE0 LK
APLBFE) WX Eppp o3 o HEFTCRRYVY >} FIB&K 77
FEadFn 3. 3¢ r%f#rﬁwg@z‘&o% 9 R REAM A B3

Ewnwld.



: - 3 ‘
643 JUWIAFWER) ATV IEes6~Cu®P o hviy >R

A 5~

Table 678 Ss~PL® pRBBEFLT Y, TNFS, ~72p%r
RIS RETH AWASSER IR, (Pundn Rné) CABr e
St ~CUCIRBIE VE IR PaC 0 ZFIT 3. (0P 35 O
(6101 E MW 7 FEA T RN T MRFH 2R © (BAdobs /4
AR ekd. 3ot s Fia 612~ Fiz6.H N3 ) A, Shd
ADRE 0w THEFOTERTT 1 R D = 74 (hAdobs /#BEER 5 .
QFFVAIFEE-3 Tl REMNIFRERwT . 20 2, F
IRBRIBBRANEH X 1 kbo TB S . TH>MAEs

RESoB8 R h)o/bs. Ba)/Bo. Ba)aBp & Table
6. PR~F) TR)K .

Table 6.8 Reaction conditions of coupling reactions of
polystyryl anion with chloromethylated polystyrene, changing
. the molecular weight of polystyryl anion(Solvent, THF;

Reaction temp., -78°C)

Backbone Polymer a Polystyryl Anion
Concn, Concn., Degree of
Run A (mol/l)xlo3 ° (mol/l)XlO4 Polymerization
4 8.11 LS 98
5 6.92 1.5 152
6 8.47 1.5 340

- a Chloromethylated polystyrene: DP=154 (chloromethyl groups

= 38/ l-polymer molecule)
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Table 6.9 Ratio of rate.constant of reaction A and B:(kA)j/kB

Run ' (kA)O/kB (kA)l/kB (kA)Z/kB
4 ~0.118 0.111 ' 0.091
5 0.091 - 0,081 0.060

6 0.055 o 0.049 0.030
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Table 6.10 Reaction conditions of coupling reactions of
polystyryl anion with chloromethylated polystyrene in

mixed solvent (THF — n~hexane) (Reaction temp., -78°C)

Backbone 2 Polystyryl Anion b nfhexane

Run Concn.(mol/l)xlO3 Concn.(mol/l)xlo4 % (Volume)
. _ 7 6.59 1.5 - 15
' 8 7.517 1.5 32

a Chloromethylated polystyrene: DP=154 (chloromethyl

groups=38/1-polymer)

oD DP=152
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. Table 6.11 Ratio of rate constant of reaction A and B:

' (kA)j/kB (Solvent, THF — n-hexane)

Run (ka)o/kg (kgdy/kg  (ky)o/kg
5 . 0.097 0.081 0.060
7 0.086 0.072 0.039
8 0.077 0.048 0.020

n—ﬁexane volume (%): Run 5 ( 0 ), Run 7 (15), Run 8 (32).
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Table 6.12 Reaction conditions and results of reactions of
polystyryl anion with methyl isobutyrate (Solvent, THF;

Reaction temp., -78°C)

Polystyryl.Aniona Methyl isobutyrate Reaction kE

- No. Concn.(mol/l)XlO4 Concn.(mdl/l)xlO4 time(sec) (l.mol—l.sechl)
F-1 6.21 -~ 2,70 110.5 511 0.151
E-2 8.31 ~~ 5.76 82.3 256 0.143
E-3 11.6‘ ~ 7.92 122.1 373 0.128
2 pp = 98
& 6.5 RéeED

RFCE 77 PXBAF o £RABKB T » AT 0 BFFHN-
Robs A IEZNER 0.8t RABBARK eFrIX . P
ES5~~9K® 9 R T (PHHA, Y=L x/0% st~ x@,

13

He =53 x0%) FHE (TN, 0 C & 6x0~! fmtad

BRI EOBREW B> S € fobos K. ¥ RIBAFTR
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Fig 7.1 Reaction apparatus to measure the changes of
the concentration of polystyryl anion: LP, solution of

polystyryl anion; BP, solution of backbone polymer; SM,

solution of styrene; H, magnet coated with glass; M,

mirror; P, tube plated with chromium; S, flask.
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" Fig 7.2 Changes in the concentration of polystyryl anion :

with reaction time, changing the’ concentration of styrene:
Chloromethylated polystyrene§ Mn = 3.92x104 (
Y

Cj-1 ~ Cj-5).
Polystyryl anion; Mw = 4,82x10 CJ-1 ~/ Cj-S)
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Fig 7.3 Changes in the concentration of polystyryl

anion with reaction timgz Cj-6 and Cy-7.

Chloromethylated polystyfene:; Mn = 3.92x10% (C -6 and C -7)
Polystyryl anion; Mw = 2;05 x104(Cj—6) Mw =7, 69x10 (C -7)
Styrene: initial concent@étion (mo1/1)

C5-6 (0.264), cj-7 (0.932)
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. Studies on the Formation of Graft Copolymer by Coupling Reaction.
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I. Effects of the Dimension of Backbone Polymer in Solution on
vthe Formation of Graft Copolymer
Koji Ishizu, Takashi Fukutomi, Toshio Kakurai, and Tatsuya Noguchi
Polymer J., Vol. 4, 105 (]973),
2. Formation of Mu1ti-Branéhed Graft Copolymer by Coupling Reaction.
Koji Ishizu, Takashi Fukutomi, and Toshio Kakurai
Polymer J., Vol. 7, No. 2 (1975) in press
3. Coupling Reaction of Poly(a—methy]styryl)anion with (MMA —-a-méthyls
styrene) Block Copolymer.
Koji Ishizu, Takashi Fukutomi, and Toshio Kakurai
J.Polym.Sci., 1in press
ZFVYEFTRD TS 7ANITFVER)IT VY ERI ATIV
T=TY € o fy7e) v AT~ |
HGHE A= BB WATHA
HAS . N3 2 (1979

FS

. Reaction Rate of the Formation of Graft Copolymer by Coupling Reaction
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